An infective basis for childhood leukaemia is not a new suspicion (Kellett, 1937) . The failure of microbiologists to identify any specific agent and of epidemiologists to demonstrate marked space-time clustering of the disease (Smith, 1982) have been discouraging, but neither is incompatible with an infectious origin. In several vertebrate species, the specific agents responsible for leukaemia belong to a class that is notoriously difficult to isolate. Also, many infectious illnesses do not cluster because they are uncommon responses to the relevant infection. Thus, the agent responsible for infectious mononucleosis is mainly spread not by those with the illness but by that very much larger number of infected individuals who are clinically unaffected (or only trivially so). Such infections can be considered as 'mainly immunising': they can be seen as representing the most probable broad category to which the infection underlying childhood leukaemia belongs.
Population mixing
Until recently, epidemiologists have given little attention to the search for evidence, other than that of space-time clustering, for an infective origin in childhood leukaemia. With no candidate agent in sight, options are further reduced, but a new approach was suggested by the excesses of childhood leukaemia and non-Hodgkin's lymphoma near the two isolated sites of Sellafield and Dounreay (Kinlen, 1988) . Here, an unusual pattern of population mixing had occurred, with a high level of inward and outward migration by scientists and other workers. It seemed that these situations would have brought together susceptible and infected individuals, the basis for the transmission of all microorganisms, and that childhood leukaemia as a rare end result of some infection(s) could contact between susceptible and infected6individuals. Also, 'population mixing' is inevitably a crude risk factor since it cannot guarantee to produce the critical level of relevant contacts necessary for an epidemic. Thus many, but not necessarily all wars are associated with epidemics of meningococcal meningitis. Consequently, in our own work only extreme situations have been sought in which to test the hypothesis that population mixing is conducive to increases in childhood leukaemia. The findings are summarised briefly below and in Table I , which shows data for the whole childhood age range (0-14) as well as for 0-4 and 5-14 years.
(a) Local authority 'growth' areas (Scotland) The first test of the hypothesis consisted in a search among the 400 Scottish local authority areas for isolated areas similar to Thurso, the small isolated town near Dounreay where a cluster of cases of leukaemia in children had occurred. Thurso had received a major influx of new residents in the 1950s to serve the needs of the nuclear plant. However, no rural 'growth' area of similar remoteness could be found, the closest example (Kirkcaldy District in Fife) being only moderately isolated. Here, a significant excess of childhood leukaemia was found as its population doubled and before the bridges were built that later linked this peninsula county to the counties to the north and south (see Table  I and Kinlen, 1988) . No excess was observed during the following period . These fell into two categories, overspill (the majority) and non-overspill (or 'rural'). The former were to accommodate people from near London (or Glasgow), where wartime air raid damage and maintenance neglect had worsened the congestion and housing conditions. It is the other (rural) new towns that are particularly relevant to the hypothesis because, in contrast to the overspill towns, their incoming populations were drawn from a wide variety of rural and urban places. Subgroups were more likely therefore to include a higher than average proportion of susceptible individuals, thereby increasing the chance of an epidemic. In addition, the population density of children was high -much higher in rural towns than in the places of origin of most incomers, whereas in the overspill towns the reverse was the case (London having the highest density in the country). As in Glenrothes, a significant increase in deaths from leukaemia below age 5 was observed in the other rural towns in the first half of the 40 year period for which data were available, but there was no excess in the second half (Table I and Table I ). This was particularly marked in children under I year, strongly suggesting an intrautenrne infection. However, when leukaemia data were examined in the 1473 individual local authority districts, a significant excess of leukaemia deaths was only found among children below age 2 in the decile with most servicemen. This excess involved the children of both servicemen and local civilians Langford, 1991) . Categories of 10% population increments were examined though the numbers of areas that increased by more than 50% did not justify further subdivision. In the latter, significant increases in leukaemia were found both at ages 0-14 and ages 5-14 relative to that in all other categories (see Table I ); these excesses were most marked in rural districts (Langford, 1992) .
(e) Concentrations of migrant construction wvorkers
The largest work camp in Europe was set up for the construction in the late 1970s of the large oil terminal at Sullom Table I and Kinlen and John, 1994 (f) . In these studies the number of exposure categories examined has varied depending upon the total expected numbers of childhood leukaemias and the distribution of the 'mixing' variable. The use of mortality rather than incidence data for certain studies has been a further cause of concern. However, in our studies, this applied only to those that covered the 1950s before the advent of reliable cancer registration data and, for a disease that was then invariably fatal, mortality represents a reasonable measure of incidence in that prechemotherapy period.
The fact that a marked excess of leukaemia at ages 5 -14 is not a feature of all the studies is intriguing but does not represent a weakness in the population mixing hypothesis since no prediction was made concerning specific age groups. Rather, it concerned childhood leukaemia as generally understood (below age 15), and the hypothesis has been upheld by the consistent and significant findings for the age group 0-14 summarised in Table I . In general, the age group 0-4 would be expected to be most affected since, having the least opportunity for earlier exposure to infection, it must include the highest proportion of susceptible individuals of any age group. It is therefore reassuring to find that the greatest and most consistent excesses are found at ages 0-4 (see Table I ) when the predominant type is acute lymphoblastic leukaemia. However, an excess is often apparent also at ages 5 -14 which is significant (P<0.01) when the data are considered as a whole (see Table I ). It is reassuring also to note that increases in certain well-known infectious diseases occurred in some of the population mixing situations described above, including paralytic poliomyelitis in the servicemen study (c) and measles (often in adults) in the oil workers study (e) .
Overall these findings associated with the mixing of rural people in situations of high population density are consistent with many other observations on infections in humans as well as animals. Urban-rural differences in the mean ages at developing the well-known childhood infections are well documented (Anderson and May, 1982) . Similarly the pattern of epidemics can be influenced by community size and population density, in keeping with the predictions of mathematical models (Bartlett. 1960). Extensive work on laboratory mice in Britain and the USA between the wars showed how potent 'aggregating' susceptible and infected animals was in producing epidemics (Topley, 1942) . Mathematical modelling has recently re-emphasised the importance both of population density and of the numbers of susceptible individuals in producing epidemics (Anderson and May. 1982 (Kinlen and John, 1994) . No increased mortality from childhood leukaemia was found in French 'growth' communes (Laplanche and de Vathaire, 1994a,b) . but their proximity to population centres implies that they more resemble the British overspill towns, which also showed no increase. However. inclusion of the French study makes no appreciable difference to the overall results, as shown in Table I. Tourism has been suggested as another relevant example of population mixing, but no increased mortality from childhood leukaemia was found in the Greek islands popular for holidays (Petridou et al., 1991) . However, the authors were unable to examine data for the first 15 years of the boom in the tourism, the period in which the new town excesses occurred. Greece does, however, offer a much more relevant example of rural mixing in the large-scale movements of rural people during and after the civil war from the late 1940s until the 1970s (Kinlen. 1992) . It may therefore not be a coincidence that in the period 1959-67 mortality from childhood leukaemia in Greece was the highest in the world (Kinlen and Petridou, 1994) . Israel may offer another example of the effects of population mixing at a national level, since after a period of massive immigration. leukaemia at ages 0-4 in 1956-58 was appreciably higher than in the two preceding or the two following periods of similar length (Kinlen, 1994 infection (by specific agents) at different ages, as is known to affect the expression of many infectious diseas. None of the above possibilities is crucial to the population mixing hypothesis, though the hypothesis did grow out of a body of theory and observation that relates to spec#fc agents, the cause of the vast majority of elucidated infective illnes in humans. So far, there seem to be insufficent grounds for preferring a different basis in childhood leukaemia.
The population mixing hypothesis essentially concerns an external risk factor, from which certain aspects of the postulated underlying infection(s) are indpendent, such as immunising effects, the role of age at infection or the intensity of exposure on risk of leukaemia. The notion of some subsequent protection against leukaemia after an epidemic of the relevant infection follows logically from deducing (from the lack of marked space-time clustering) that the infection is mainly immunising. This, together with a reduced number of susceptible individuals, as after any epidemic, may be relevant to the significant defiency of leukaemia fround in the new towns after the initial excess (Kinlen et al., 1990 ) and of which there have been signs in other studies ).
Relevawe to the cdtr ma Seflafield and Dmbay
Now that the theory about paternal preconceptional irradiation (Gardner et al., 1990) can be seen to be incorrect (Doll et al., 1994) , the relevance of the population mixing hypothesis to the excess of leukaemia in Seascae deserves careful examination, particularly given the light it has shed on the cluster near Dounreay (see section e above). Each of the studies reviewed here has concered areas of isolation (and sometimes also high social class) affected by residential or occupational population mixing. In all these respects Seascale is extreme. Of more than 11 000 rural parishes in England and Wales, few experienced a greater post-war population increase than did Seascale (3-fold between 1948 and 1961) , and those that did were not so geographically isolated. It is also an area of exceptionally high social class: in 1961 43% of men were in social class I (Gardner et al., 1987) , a proportion approached by no other rural growth parish. Furthermore, the adjacent worksite at Sellafield, where most people in Seascale are employed, is highly unusual among rural industial sites in England. Not only is it probably the largest (with about 9000 'nuclear' employees) but, like the oil industry sites studied in northern Scotland, it has had over the years large numbers of migrant construction workers, a ready source of infection. This aspect of Sellafield over most of its 40 year history makes it unique among rural work sites in Britain (Gilman and Knox, 1991) . Several other observations are also consistent with such an origin. Thus, in those parts of rural Scotland that were unaffected by the North Sea oil industry, the dises peaked at age 3 instead of at age 2 as in urban areas (Kinien et al., 1993) , a pattern similar to that observed in several childhood infections (Anderson and May, 1982 (Stark and Mantel, 1969; Shaw et al., 1984) . The population mixing hypothesis may also provide some explanation for the most well-known cluster of childhood leukaemia in Niles, IL, USA. The eight cases, seven of them among the pupils of a crowded parish school or in their siblings, occurred during a population influx when the town increased about 5-fold, much of it in that particular parish (Heath and Hasterlick, 1963 (Langford, 1992) .
Comcbio
The population mixing hypothesis does not imply answers to many specific questions about the infection in question -no more than did, say, the early evidence for a sexually transmitted infection underlying cervix cancer indicate the relative importance of age at first intercourse and the number of partners: these were subjects for special study later. The Table I ) effectively rule out the operation of chance and nor can they be explained by bias or by any known indirect relationship. An infective basis in childhood leukaemia is the only category of causation of a human malignancy that is suggested by these data.
